The paper presents the design and practical implementation of PID controllers for a Stewart platform. The platform uses a resistance touch panel as a sensor and servo motors as actuators. The complete control system stabilizing the ball on the platform is realized with the Arduino microcontroller and the Matlab/Simulink software. Two processes required to acquire measurement signals from the touch panel in two perpendicular directions and , are discussed. The first process includes the calibration of the touch panel, and the second process -the filtering of measurement signals with the low pass Butterworth filter. The obtained signals are used to design the algorithm of the ball stabilization by decoupling the global system into two local subsystems. The algorithm is implemented in a soft real time system. The parameters of both PID controllers (PID and PID ) are tuned by the trial-error method and implemented in the microcontroller. Finally, the complete control system is tested at the laboratory stand.
INTRODUCTION
Parallel link manipulators known as the "Stewart-Gough" platforms (see Fig.1 ) were investigated thoroughly in the last years. Since their potential advantages as: high rigidity, high accuracy, and high load-carrying capacity they seem to be better in comparison to the conventional serial link manipulators. That is why many researches often choose such structures as control plants. The first parallel mechanism was introduced by Gough and Whitehall in 1956 year (Gough and Whitehall, 2012 ) as a tyre-testing machine. Next, the design of the platform was improved by Stewart in 1965. Then, the modernized structure was used as an aircraft or vehicle simulation device. Parallel manipulators were used also as platforms for communication satellite dishes and telescopes positioning.
Fig. 1. Electrically actuated Stewart-Gough platform
The most popular type of actuators used in parallel link manipulators are pneumatic or hydraulic actuators. Both types of actuators have many advantages and their application in the system depends on the payload to weight ratio and on the dimensions of the system. Since pneumatic devices are less sensitive to temperature changes and contamination, a lot of researchers have tried controlling air cylinders using various methods.
One of the most popular control methods is the PID technique. The Stewart platform discussed in the current article is a small size structure (the dimension of the fixed platform is 30 cm, and of the moving platform -11 cm) with the low payload to weight ratio. The control system for a ball on the platform is realized by six electrical servo motors, the resistance touch panel and the PID controller. The choice of the PID control algorithm has been dictated mainly by practice problems of controlling the platform rather than by theoretical considerations of designing the control law. Other control methods would be difficult to implement because the mathematical model of the platform does not exist yet. Moreover, the PID control technique is a first control law investigated at this laboratory stand and it is realized together with a student. The design and experimental verification of other control methods will be the subject of future investigations.
The paper presents consecutive steps of the design process and practical implementation of the chosen control algorithm for the platform and the Butterworth filters for the measurement signals. The 6-DOF Stewart platform shown in Fig. 2 consists of: a base frame, a moving platform, six legs, and components of the control system. As actuators the NewPower XL-9HM servomotors have been chosen and located on the frame base. As a sensor the RES121-4W touchpad has been chosen (http://www.buddyrc.com/new-power-xl-9hm.html). The process of stabilization of the ball on the upper platform is realized by the 8-bit Arduino Mega 2560 microcontroller operating at 16 MHz frequency.
THE STEWART

THE CONTROL ALGORITHM
The control algorithm of stabilization of the ball on the upper platform is realized by the established communication link between the Arduino microcontroller and the Matlab/Simulink software via the USB port. The standard transmission rate for this port is up to 480Mb/s (115 kb/s in the current case), so this rate is sufficient to control the system in the soft real time system regime (http://stackoverflow.com/questions/17308956/differencesbetween-hard-real-time-soft-real-time-and-firm-real-time). The diagrams of the control system and algorithm are shown in Figs. 3 and 4. 
CALIBRATION PROCESS OF THE TOUCH PANEL
The calibration process of the touch panel for different location of the ball on the platform is carried out in the paper. In this order the ball is located into two extreme position and one position into centre point on the sensor versus two perpendicular directions and , respectively. In results values of resistance of electrodes on the touch panel are measured and recorded in Fig. 5 and Fig. 6 . Finally, obtained results are collected and transformed into displacement in Tab. 1. Taking into account Fig. 7 and Fig. 8 we can see that the signals from the touch panel in perpendicular directions are filtered, however application of this filter in the control system cause appear time delay on level 40 ms. In results we obtained possibility of design the control system only in soft real-time regime system. 
CONTROL STRATEGY
The stage of design of stabilization the ball on the platform require to consider location of all six servo motors on the base platform. As first, the opposite site servo motors are coupled versus their location on the fixed base. Next, taking into account one couple of servo motors, the control signals + and − are generated by controllers for each of them. The control signals expressed by Eq. 2 consists value of 90 that represents the initial value of the control signal. Based on this assumption the control signals can be written as follows:
where:
. Practical realization of control subsystem to stabilize position of the ball in the axis is shown in Fig. 9 . The subsystem according to Fig. 3 consists three inputs: = 113 (desired value), measurement value of position of the ball and signal without error. The last signal is responsible for simultaneously switching the control system between two directions for two cases. Once the ball is in the center point of the touch panel with extreme values less from +/-2mm, but in the second case button START is switch off. If the ball is in the center point of the touch panel then values of the error signals are checked. If -2< <2 for direction then the output signal from logic gate NAN equal 0 and output value with logic gate OR also is 0 (in case that NAN also equal 0). In results the error signal is 0 and all servo motors have still actual values. In second case the error signal is omitted if mentioned button has been switched off. In such case variable posx equals -20 and in the result one of inputs of multiply block is equal 0. Finally, the control signals 1 and 2 for axis are generated by PID . Obtained signals in range of 30-150 corresponds to minimal and maximal pitch angle of rudder bar of the servo motors. We can see, that the position of the ball is constant in desired point of the platform up to 2 second. After that, the both control loops are switched on as a result of change of the ball location greater than 2 mm in two directions. One more time stabilization of the ball of the platform is achieved after 3 or 5 seconds. 
CONCLUSIONS
The research work aimed stabilization of the ball on the Stewart platform with using Arduino microcontroller and Matlab/Simulink software. The process of designation of the parameters of the PID controllers is carried out in many stages. In the first step we successfully shown two process of preparing of the measurment signals: calibration of the touch sensor and filtering signals with using low pass Butterworth filter. Next, the parameters of both PID controllers (PID and PID ) are determined directly on the laboratory stand. Moreover, we passed these parameters of the controllers to microcontroler Arduino and we tested the whole control system in regime of soft-real time system.
